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Development of Effective Stiffness and Effective Strength
for a Truss-Wall Rectangular model combined with
Micro-Lattice Truss
_jlg_l ;g §1*

Jeong-Ho Choi'
(Abstract)

The objective in here is to find the density, stiffness, and strength of truss-wall
rectangular (TWR) model which is combined with lattice truss (MLT) inside space. The
TWR unit-cell model is defined as a unit cell originated from a solid-wall rectangular
(SWR) model and it has an empty space inside. Thus, the empty space inside of the
TWR is filled with lattice truss model defined as TWR-MLT. The ideal solutions
derived of TWR-MLT are based on TWR with MLT model and it has developed by
Gibson-Ashby’s theory. To validate the ideal solutions of the TWR-MLT, ABAQUS
software is applied to predict the density, strength, and stiffness, and then each of
them are compared with the Gibson-Ashby’s ideal solution as a log-log scale. Applied
material property is stainless steel 304 because of cost effectiveness and easy to get
around. For the analysis, SWR and TWR-MLT models are 1mm, 2mm, and 3mm truss
diameter separately within a fixed 20mm opening width. In conclusion, the relative
Young’s modulus and relative yield strength of the TWR-MLT unit model is reasonably
matched to the ideal expectations of the Gibson-Ashby’s theory. In nearby future,
TWR-MLT model can be verified by advanced technologies such as 3D printing skills.t.
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Fig. 1 Schematic model of relative
density between volume of
solid wall property (solid
lines) and volume of foam
itself (dotted lines)
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Fig. 2. Unit cell model of solid-wall
rectangular model (h = height; | =
Ien?th, width; t = thickness of solid
wall)
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3.3 TWR-MLT

Fig. 3. Schematic diagram for lattice truss (h =
height from bottom to center point at
crossed trusses; | = length, wiath or
height, as shown by the dotted line; 8 =
angle between diagonal truss volumetric
space and diagonal truss at bottom
face)9,10,11,12)

Fig. 4. Schematic unit model of TWR-MLT
unit model which is composed of
two kinds of struts (red: lattice
truss, blue: rectanqular truss-wall)
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Table 1. Relative density of TWS, MLT, and
TWR-MLT

Unit model Relative density, p7/ps
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Table 2. Effective stiffness and effective strength values for SWR, MLT, and TWR-MLT 6,13,14)
Effective elastic stiffness Effective strength
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Table 3. Simulation conditions |
| £y < w 12 - :
Simulation code ABAQUS/static : g ] [} | 1o ’ | I l
Material property AISI304 stainless steel l » ‘ Rl | I ' ]
Mesh type C3D10 | i “ ‘ 1 I ' i
Friction coefficient 0.1 i |
density 8 kg/cm3
Young’s modulus 200GPa e - R S e T
Poisson ratio 0.29 f" ‘U““‘Ts-.'.,..-_,...::i.n-..,...m...u
initial yielding strength 215MPa .
ltimate strength 505MPa Fig 6. Initial stress distribution

Table 4. Simulation conditions

) Number Diameter (mm) = -
Unit ] .'
model of mesh =
(ea) 1 2 3 b
SWR Elements | 19305 26628 97014 'j b
Nodes 32903 43228 146559 £
TWR-ML | Elements | 199968 123708 148543
T Nodes 355431 199541 227626

a1 Bt cermation Scsle L aioe: 41,0008 00

Fig 7. Stress distribution
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Fig 8. Reaction as a function of
displacement for SWR
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Fig 9. Effective stress as a function of
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Fig 10. Reaction as a function of
displacement for TWR-MLT
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Fig 11. Effective stress as a function of
effective strain for TWR-MLT
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Table 5. Simulated results of SWR

d (mm) | Ex(GPa) | Ex/Es px/ps | 0%/ os | 00.25/0s
1 35.51 0.1776 0.05 0.200 0.1983
2 97.00 0.4850 0.10 0.399 0.3882
3 437.10 2.1855 0.15 0.603 0.8511
Table 6. Simulated results of TWR+MLT
d (mm) | Ex(GPa) | Ex/Es p*/ps 0%/ os | 00.25/0s
1 8567 | 0.0428 | 0.0000019 | 0.0389 | 0.0396
2 51.588 | 0.2579 0.00048 0.1551 0.1815
3 77594 | 0.3879 0.01249 0.3732 | 0.3931
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Fig 12. Relative Young's modulus as a function
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